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SECTION  I 
INTRODUCTION 

There  has  long  been  a  need  for  a  target  practice  projectile  which 
has  flight  characteristics  similar  to  those  of  an  all  up  round  but  which 
breaks  up  into  small,  high  drag  fragments  upon  impact.  This  fragmenting 
characteristic  is  desirable  from  the  viewpoint  of  aircraft  safety  since 
an  ideal  target  projectile  should  have  a  zero  probability  of  a  ricochet 
hit  on  the  strafing  aircraft.  It  is  also  desirable  from  the  range 
ground  safety  aspect  since  a  small  projectile  ricochet  ground  foot  print 
reduces  the  test  range  size  requirements. 

As  part  of  an  effort  to  develop  a  low  cost  fragmenting  projectile, 
free-flight  tests  have  been  conducted  to  obtain  preliminary  estimates  for 
the  aerodynamic  drag  and  stability  characteristics  of  a  30mm  plastic 
frangible  TP  projectile.  Yaw  card  testing  techniques  were  utilized  to 
obtain  the  downrange  position  and  attitude  of  the  projectile  in  flight. 
These  tests  were  part  of  a  larger  test  program  conducted  to  verify  the 
structural  integrity  of  the  projectile.  However,  this  report  contains 
only  data  pertinent  to  the  aerodynamic  characteristics  of  the  projectile. 

This  technical  report  discusses  the  test  procedures  and  aerodynamic 
data  for  30mm  frangible  TP  projectiles  at  a  Mach  number  of  3.0. 


i 

J 


SECTION  II 


APPARATUS  AND  PROCEDURE 

1.  YAW  CARD  RANGE 

The  free-flight  tests  of  the  30mm  frangible  TP  projectiles  were  con¬ 
ducted  on  the  Ballistic  Experimentation  Facility  (BEF)  Yaw  Card  Range, 
which  is  an  outdoor  range  located  on  Test  Area  A22  at  Eglin  Air  Force 
Base.  The  yaw  card  range  (Figure  1),  which  is  described  in  detail  in 
Reference  1,  was  equipped  with  20  yaw  cards  spaced  at  random  increments 
along  its  250-foot  length.  The  yaw  cards,  which  consisted  of  24  by  30 
inch  single  weight  photo  papers  positioned  perpendicular  to  the  gun  bore- 
sight  line,  were  mountod  with  the  exposed  emulsified  surface  facing  the 
gun.  The  yaw  cards  were  used  to  record  the  downrange  position  and  attitude 
of  the  projectiles  in  flight  at  each  yaw  card  station.  These  data  were 
used  in  the  analysis  of  the  projectile  angular  motion  as  described  in 
Section  III. 

The  velocity  histories  of  the  projectiles  were  determined  from  measure¬ 
ments  of  the  times  at  which  the  projectiles  penetrated  sheets  of  circuit 
paper  which  were  used  to  complete  the  timing  circuits  of  the  velocity 
instrumentation  system.  A  schematic  diagram  of  the  velocity  measurement 
instrumentation  system  is  shown  in  Figure  2.  As  shown  in  the  schematic, 
penetration  of  the  circuit  paper  at  the  first  velocity  station  starts  the 
timers  at  all  downrange  stations.  As  the  projectile  penetrates  each 
downrange  circuit  paper,  the  timing  circuit  counters  for  each  station  are 
stopped  sequentially,  thus  giving  consecutive  times  of  flight  as  measured 
from  the  first  station. 

2.  MODEL  MEASUREMENTS  AND  TEST  CONDITIONS 

A  schematic  drawing  of  the  30mm  plastic  frangible  TP  projectiles 
tested  for  this  report  is  shown  in  Figure  3.  These  projectiles  consisted 
of  a  30  percent  glass  reinforced  nylon  12  skin,  50  zinc  phosphated  punched 
steel  washers  in  four  sizes,  a  zinc  phosphated  steel  end-cap,  and  a 
50  percent  glass  reinforced  nylon  12  nose/filler  piece. 
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SECTION  III 


DATA  ANALYSIS 


1.  YAW  ANALYSIS 

The  attitude  histories  of  the  30mm  projectiles  were  derived  from 
measurements  of  the  holes  cut  by  the  projectiles  as  they  passed  through 
the  yaw  cards.  The  measurements  required  for  the  attitude  determination 
were  the  hole  length,  lc,  and  the  longitudinal  axis  orientation  angle,  0C, 
which  are  shown  in  Figure  4. 


Since  the  length  of  the  hole  is  a  direct  function  of  the  total  angle 
of  attack  of  the  projectile  as  it  passed  through  the  yaw  card,  the  total 
angle  of  attack,  a-p,  could  be  determined  from  the  measured  hole  length. 

This  was  accomplished  with  the  aid  of  Figure  5  which  shows  the  hole  length 
as  a  function  of  total  angle  of  attack.  The  data  of  Figure  5  were  obtained 
by  using  an  optical  comparator  to  measure  the  length  of  the  orthographic 
projection  of  the  30mm  frangible  TP  projectile  at  various  angle?  of  attack. 


Once  dj  and  0C  were  obtained,  the  missile  angles  a  and  6  required  by 
the  data  reduction  program  were  computed.  These  angles  were  computed  by 
assuming  that  the  projectile  velocity  vector  was  coincident  with  the  earth 
fixed  reference  axis  established  by  the  gun  boresig^t  such  that  the  missile 
angles  a  and  3  are  equal  to  the  earth-fixed  angles  0  and  \p.  This  assumption 
is  reasonable  in  view  of  the  high  speed  and  short  flight  path  of  the  pro¬ 
jectile.  The  relationship  between  the  angles  a,  3,  aT  and  0C  is  depicted 
in  Figure  4.  Therefore: 

3  =  =  aT  sin0c  (1) 

a  =  -6  =  -aT  cos0c  (2) 


After  a  and  3  were  obtained  from  each  yaw  card,  the  equation: 
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(3) 


was  fitted  to  the  d,  3  and  x  history  using  a  least  squares  technique  to 
obtain  the  coefficients  K^,  1^,  Wj.  Wj,  and  u>'.  Equation  (3) 

is  a  modified  linear  theory  closed  form  solution  for  the  angular  motion  of 
a  symmetric  missile  in  free-f light  at  small  angles  of  attack.  This  equation 
is  valid  for  projectiles  which  exhibit  a  linear  variation  of  aerodynamics 
with  angle  of  attack  and  a  linear  variation  of  roll  rate  with  distance 
along  the  flight  path.  A  complete  derivation  and  discussion  of  Equation 

(3)  is  given  in  Reference  2.  The  stability  derivatives,  C  ,  C  ,  and, 
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These  functions  are: 
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The  values  of  these  coefficients  presented  in  Section  IV  represent  the  mid 
flight  values  which  were  obtained  by  evaluating  the  above  functions  at 

X  =  XMID  RANGE. 


2.  DRAG  ANALYSIS 


The  drag  analysis  used  for  projectiles  fired  on  the  yaw  card  range 
utilizes  the  multiple  data  set  fitting  technique  of  Reference  3.  For  each 
set  of  data,  it  is  assumed  that  the  instantaneous  total  drag  coefficient, 
Cp  ,  can  be  expanded  as 


V) 


(') 


where  a^,  is  the  instantaneous  total  angle  of  attack. 

Therefore,  the  differential  equation  governing  the  longitudinal  motion 

is: 


X  ■ 


-PV2S, 
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if  it  is  assumed  that  the  angle  between  the  velocity  vector  and  X  axis  is 
small. 


Using  the  multiple  fit  technique  of  Reference  3,  the  numerical  solution 
to  Equation  (6)  was  fit  to  the  multiple  sets  of  drag  data.  This  fitting 
technique  utilizes  the  numerical  integration  technique  of  Reference  4.  This 
was  accomplished  in  such  a  manner  as  to  provide  a  least  squares  fit  solution 
for  the  constant  coefficients  of  Equation  (8)  based  on  the  values  of  Op 
obtained  from  the  yaw  cards  and  of  the  X,  t  data  obtained  from  the 
velocity  measurement  instrumentation  system. 
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TABLE  1. 
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30MM  PLASTIC  FRANGIBLE  TP  PROJECTILE 

-FLIGHT  AERODYNAMIC  CHARACTERISTICS 
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C 
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